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SOLID STATE LAMP 

This application claims the benefit of provisional 
application number 60/168, 818 to Tarsa et al . , which was 
filed on December 3, 1999. 

BACKGROUND OF TWF, INVENTION 

Field of the Invention 

This invention relates to lamps and more particularly 
5 to lamps using solid state devices as a light source. 

Description of the Related Art 

Conventional tungsten based lamps and indicator lights 
convert electrical current to light by applying a current 

10 to a filament, which causes it to glow. The filament is 
commonly suspended near the center of a glass bulb between 
two rigid current leads, which allows for a radial 
distribution of the light that is particularly useful for 
room illumination. The surface of the bulb can also be 

15 frosted to cause additional scattering of the light. The 
life-span of filament based lights is relatively short and 
is usually limited by the life-span of the filament or of 
the glass bulb. In addition, the filament is usually 
suspended close enough to the bulb surface that heat from 

20 the filament can cause the bulb to become very hot, such 
that it is painful to the touch or presents a danger of 
burning objects that come in contact with it. 

Light emitting diodes (LEDs) are an important class of 
solid state devices that also convert electric energy to 

25 light. They generally comprise an active layer of 
semiconductor material sandwiched between two oppositely 
doped layers. When a bias is applied across the doped 
layers, holes and electrons are injected into the active 
layer where they recombine to generate light. Light is 



WO 01/40702 



PCT/US00/30593 



emitted omnidirectionally from the active layer and f= 
all surfaces of the LED. Y nd fr ° m 

Most conventional LEDs are less efficient at- 
converting current to light than e£ficie nt at 

5 recent advances in „<- x 1 fllMant "S^ts, but 

advances in nxtrxde based LEDs have re „,H^ • 
highly efficient- vo. , e resulted m 

or greater- kh«v,^ • lng a -Light with equal 

I " " ralaCi ° n t0 iCS P— r. 

une disadvantage of mmmnf^ 

light from their active layers Z 9"«»t. white 

iiaht from - • 7 S - ° ne wa y to produce white 

-light from conventional LEDs is to combine H ff , 
from different LEDs For J", " <^««en t colors 

Ponced by fining ^ ^ ^ «» - 

LEDs or blue and „.n„ ,™ red, green and blue 

approach is that 1^°"^ ^ ""^""^ °< **- 
Produce a single -L^T^. T^L^^ ^ ~ 

light are often generated from different types of r Fn= I 

combining different LED types on on- „ 

complex fabrication. The r^ti^cT^ ™ 

complicated control electronics, since the diff 

types can reguire different control voltages The i 

isrtL^rr* t 3 ais ° ------ -lit 

9 9 behaV1 ° rs of the different LEDs and th. 
miniaturization of the multi-LEDs is limited 

More recently, the light from a sinal ^ m 
led h=o single blue emittinq 

has bee n converted to white l± a ht k„ 

L ED with a yellow phosphor, polyme ? or V"^.^ ^ 

Corp. „hite LED, Part „o. KS P K 300 BS , KSPW^BS c t* 

also U.S. patent No. 5959 31 6 to Hayden. .Muliiple 



Encapsulation of Phosphor-LED Devices"" The' """"^ 
material "downconverts the wavelength of at 1 SUrr ° Undln9 
the LFn n~h* u • ^length of at least some of 

LED l aght , chang rng its color por example< . f 
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nitride based blue emitting LED is surrounded by a yellow 
phosphor, some of the blue light will pass through the 
phosphor without being changed while the remaining light 
will be downconverted to yellow. The LED will emit both 
blue and yellow light, which combines to provide a white 
light . 

However, conventional blue LEDs are too dim for many 
lighting applications currently using filament based lamps 
or indicators, and when used to produce white light, some 
of the emitted light can be absorbed by the downconverting 
material. For blue LEDs to emit an output light flux 
sufficient for room illumination, the current applied to 
the LED must be increased. LEDs commonly operate from a 
current of 20-60 mAmps, which must be increased to greater 
than 1 Amp for the LED to illuminate a room. At this 
current level, LEDs become very hot and can cause damage to 
other objects and present a danger of fire or injury. The 
heat can also damage the LED chip itself, or degrade nearby 
downconverting media such as phosphors, flourescent 
polymers, or flourescent dyes. This can reduce the LED's 
downconverting ability and decrease its useful lifetime. 

Another disadvantage of most conventional LEDs is that 
they are seated in a "metal cup", with the n-type layer 
typically at the bottom of the cup and the p-type surface 
directed up, with the entire device encased in a clear 
epoxy. When a blue emitting LED is used for generating 
white light, it is surrounded by a downconverting material 
before being encased in the clear epoxy. The cup has two 
conductive paths to apply a bias across the contacts on the 
p and n-type surfaces, which causes the LED to emit light. 
The cup also reflects light emitted from the LED 1 s bottom 
n-type or side surfaces, back in the direction of the p- 
type upper surface where it adds to the light emitted from 
the LED. However, this reflection also causes the light 
source to be highly directional, so that it is brightest 



WO 01/40702 



PCT/USOO/30593 



4 



when viewed from directly above the LEDs emitting surface 
Furthermore, this conventional LED emits light that appears 
a different color when viewed from different angles This 
is due to incomplete mixing and randomization of the light 
5 rays of different colors. This type of light is not useful 
for room illumination or other applications requiring a 
dxspersed light source or uniform color illumination. 

To overcome this limitation, various LED lamps have 
been developed which use multiple directional LEDs arranged 
0 to provide a radial type light source, fsee U.S. Patent 
Nos. 5,688,042 to Abolfazl et al . , 5,561,346 to Byrne, 
5,850,126 to Kanbar, and 4,727,289 to Uchida] . However 
because these lamps rely on multiple LEDs , their cost and 
complexity is increased. Also, they can only provide one 
pattern for dispersing the light. U.S. Patent No. 5,931 570 
to Yamura discloses a light emitting diode lamp in which 
the LED is embedded in one end of an epoxy bulb shaped body 
, wxth the LED leads extending from the bulb end. The body 
also has a convex top that is frosted to disperse light 
from the LED. One disadvantage of this LED lamp is that it 
1S not capable of producing white light without being 
combined with additional LEDs of different colors. m 
addition, if current were supplied to the LED for room 
illumination, the LED would become dangerously hot and 
could be damaged. Also, the lamp can only diffuse the 
light in one pattern that is hemispheric at best. Very 
little light is visible if the lamp is viewed from the its 
back side. 

Solid state semiconductor lasers convert electrical 
energy to light in much the same way as LEDs. They are 
structurally similar to LEDs but include mirrors on two 
opposing surfaces, one of which is partially transmissive . 
In the case or edge emitting lasers, the mirrors are on the 
side surfaces; the mirrors provide optical feedback so that 
stimulated emission can occur. This stimulated emission 
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provides a highly collimated/coherent light source. A 
vertical cavity laser works much the same as an edge 
emitting laser but the mirrors are on the top and the 
botuom, It provides a similar collimated output from the 
5 its top surface. 

Solid state lasers can be more efficient than LEDs at 
converting electrical current to light, but their coherent 
light output is not useful for lamps because it only 
illuminates a small area. Also, they cannot efficiently 
10 produce green or blue light and their relatively small beam 
areas makes it impractical to combine the output of 
multiple different colored lasers. 

SUMMARY OF THE INVENTION 
15 The present invention provides a new solid state lamp 

that can disperse light in many patterns, but is 
particularly applicable to a radial dispersion of white 
light that is useful for room illumination. The new lamp 
consists of a separator/light transport medium 
20 ("Separator") with a light source at one end and a light 

dispersing/ frequency converting element ( " Disperser " ) at 
the other end. The new lamp can also have an enclosure to 
protect the three primary components and/or to provide 
additional dispersion or conversion capabilities. 
25 The light source consists of at least one solid state 

light emitting device such as solid state LEDs or solid 
state semiconductor lasers, with some or all of the light 
directed down the Separator. When using more than one LED 
or laser, the devices can emit light with either similar or 
3 0 different wavelengths, depending on the intended 
application. For example, blue and yellow emitting LEDs can 
be used together to produce white light. The light source 
can incorporate additional components to aid in thermal 
management and electronic power management and can also 
35 include light reflecting or focusing elements. It can be 
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contained within an enclosure such as the traditional screw 
socket end of a tungsten bulb to provide for heat and/or 
power transfer to the outside environment. 

The Separator provides physical separation between the 
light source and the Disperser and also guides light from 
the light source to the Disperser. if desired the 
Separator can actively shape, collimate, disperse, and/or 
actively guide the light from the light source to the 
Dxsperser. The Separator can contain materials that 
convert the wavelength of some or all of the light or 
scatter or focus the light into specific patterns. It' can 
also incorporate solids, liquids, or gases, to further 
interact with the light. 

The Disperser is spaced from the light source by the 
Separator and serves primarily to disperse the light from 
the light source. It may also modify the wavelength of 
light from the source by including one or more converting 
materials which absorb some or all of the incident light 
and re-emit light of different wavelength. m one 
embodiment, the Disperser is the hemispheric shaped end of 
the Separator with a roughened surface for light 
scattering. It can also be removable to allow for the use 
of different Dispersers and can include a variety of 
optical components to shape the light such as lenses, 
reflectors, granules, holographic elements, or 
microspheres. A mask or reflector may be used to provide a 
more directional or controlled light distribution, or 
patterned illumination such as a company logo or sign! 

The separation between the light source and ' the 
Disperser gives the new lamp a number of advantages and 
allows for flexibility in converting light from the light 
source into useful room illumination. The Disperser can 
take many different shapes to provide different light 
dispersions patterns, such as a uniform radial 
distribution. When operating at elevated current levels, 
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the majority of the heat generated by the light source will 
he dissipated prior to reaching the Disperser. This 
prevents the Disperser from becoming dangerously hot and 
damaging any converting materials it may contain. The 
separation permits bulky thermal elements, such as heat 
sinks or heat fins as well as electronic components, to be 
placed near, or attached directly to, the Light Source 
without interfering with the light distribution. 
Accordingly, the separation allows a solid state light 
source, operating at elevated current levels, to safely and 
efficiently provide light useful for room illumination. 

Compared to filament based lamps, the new lamp is more 
robust, lasts longer and in the event of failure or damage 
portions of the lamp can be replaced, without having to 
replace the entire lamp. For example, a Disperser 
containing downcon verting materials such as flourescent 
dyes, phosphors, or polymers, will generally have a shorter 
lifetime than the light source, and the ability to replace 
the Disperser by itself provides a significant cost 
savings . 

These and other further features and advantages of the 
invention will be apparent to those skilled' in the art from 
the following detailed description, taken together with the 
accompanying drawings, in which: 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of a new solid state lamp 
in accordance with the invention, with a lamp enclosure; 

FIG. 2 is a cross-sectional view of the new solid 
state lamp taken along section lines 2-2 of FIG. 1; 

FIGs. 3a through 3g are sectional views of different 
light sources that can be used with the new solid state 
lamp; 

FIG. 4 is a sectional view of another embodiment of 
the new lamp in which rods provide the separation between 
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the light source and the Disperser; 

FIGs. sa through 5e are sectional views of different 
embodiments of the Disperser that k j afferent 

lamp; and 6 " Sed with the »«» 

5 FIGs- 6a and 6b are sectional vie 

With two different lamp enclosures. P 

DETA.TI.En n^rpx^, ,,, nF THp Q gg^^ 

FIG. 1 shows one embodiment of a solid state i„ 
constructed in accordance with the invention. The la mp lT 
consists of a light source 12 , . Seperator M< .. ^ *° 
16, and 1C can also have a lamp enclosure is Th "21 

IZV 2 ! 13 ;° UnCed " ° f "» — rator :/ u 9 cn 

that at least some of its light is directed along the 
separator l4 . to the Disperser ls . The new J* fo 
particulars useful with solid state light sources sul a" 
can J" h S " te SSmiC ° ndu «- lasers but other sources 
floureLeT " 

Sel t POlimerS " "~»-c"t dyes, and phosphors. The 

Separator 14 is elo nga ted and primarily serves to separate 
the light source. 12 from the Disperser ls . It 
light pipe, optical fiber, lens (single element, multiple 
element, or graded index,, or free space that serves as a 

16 The ra D nSP ° rt mediUm ^ 9UldS li9hC C ° »» D «P-ser 

16. The Disperser 16 can shape or distribute the light in 

a Predefined pattern <such as radially uniform, and it may 

also contain elements, such as phosphors, floure SC ent 

Polymers and/or dyes, to change the wavelength of at leas t 

rLTt s th ; t incidenc ll9ht - The separat ~ ^ ~""„ 

light scattering or wavelength converting elements For 
instance, it can be a light pipe coated with a phosphor or 
flouresoent polymer or dye, to convert at least some of 'the 

1 can h " MSPe — «- 1«W -closure 

from th I" " ""'"^ ^ that reflects light 

from the Disperser to provide a directional light output 
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Alternatively, the enclosure can be transparent or semi- 
transparent, and it can fully surround the lamp elements to 
provide protection. The inner surface of the lamp enclosure 
may also contain coatings of dispersion or downconversion 
materials such as phosphors or flourescent polymers to 
downconvert or scatter light from the Disperser. 

FIG. 2 is a cross - sect ional view of one embodiment of 
the new lamp 10 (without the enclosure) that uses an LED 22 
as the light source. The LED is mounted to one end of the 
Separator 23 such that at least some of its light is 
directed to the Disperser 26 at the other end. Two leads 
24a and 24b are connected to the LED to supply current 
which excites the LED 1 s active layer and produces light. 
The Separator 23 comprises either a light pipe or an 
optical waveguide which guides the light from the LED to 
the Disperser 26. Light which reaches the Disperser 26 
travels down the separator either directly or by reflecting 
off the Separator's surface. The Disperser 26 preferrably 
has a spherical or hemispherical shape and can either be 
formed integrally with the Separator, or as a separate 
component attached to the end of the Separator. The surface 
of the Disperser can be roughened or frosted to scatter the 
light into a specified pattern, one example being radial 
distribution that is useful for room illumination . * It may 
also contain one or more wavelength conversion medium such 
that the wavelength of at least some of the light is 
converted, changing the color of the light. 

FIGs . 3a through 3f show various embodiments of the 
light source constructed in accordance with the invention, 
although other light sources can also be used. In FIG. 3a 
the light source is an LED 31 grown on a transparent 
substrate 32, one example being a nitride-based p-n 
junction LED (or semiconductor laser) grown on sapphire or 
silicon carbide substrate. The LED • s p-type (or n-type 
conducting-) layer 33 is spaced from the substrate 32, its 
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n-type (or p- type conducting, layer 34 is adjacent Co che 
substrate and the active layer 35 4, ■ u ^ 

P-tvoe anH „ t , sandwiched between the 

P type and n-type layers. The substrate 32, „ hich is 
normally considered the "botto.- of the LED, 
• Erectly to the end of the Separator 23. Some of the Ught 
emitted from the active layer 3S will pass directly hrou^h 
the substrate 32 down the Separator 23. Because the 
substrate is transcarent -i * ^ e ths 

lioht Thi, trans P arent ' " does not absorb the passing 
ngnt. This embodiment allows for = 4m„i,-e- 

k., • 8 ror simplified manufacturing 

by mounting the substrate directlv to th= = 9 

allows for direct access to the p'type layer "anTV" 
aayer electrical contacts when both contacts are e^ e T 

A metal cup 37 can be included adjacent to the surfTc eo f 
he p-type layer 33 to reflect light emitted from the p 

type surface and the side surfaces. back toward the 

layer c^ " ' f a metallic or reflective 

layer can be formed directly on the p-type surface to 
reflect light back toward the Separator 23 

The LED 31 can be bonded to the separator by many 

ued er Tf :::t dependin5 on - hac typ ° - — 

used. If the separator is a solid light pipe or optical 
fiber the LED 33 can be bonded using an epoxy whose 
characteristics such as index of refraction thermal 
cond uctivity, electrical resistivity, are compatible wTth 
the other components. The epoxy can be restricted to the 
area between the LED 31 and Separator 23, or the LED 31 can 
be encased in the epoxy which holds it against the end of 
the Separator 23. Per mechanical attachments, a fluid 1 
solid could be included to better couple the .light 
-D into the separator or to provide a thermal conducting 
compound to transfer heat away from the LED 31 The 
mounting method used must allow for an electrical power 

the led" ^ T LED - EleC " iCal «* ^at sinking of 

a he, t T ^ aChiSVed ^ «iP-chip bonding the device to 
a heat sink. To facilitate manufacturing, the Separator mav 
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be attached after the LED 1 s electrical and thermal contact 
are made . 

In FIG. 3b the LED 31 (or semiconductor laser) is 
enclosed within the end of the Separator 23, with a metal 
cup 37 adjacent to the end of the Separator 23 such that 
any light emitted from the end of the Separator 23 is 
reflected back. The substrate 32 is shown as the bottom 
layer, but the lamp would also work with the device mounted 
substrate up as described in above in FIG. 3a. When the 
substrate is mounted up, the metal cup 3 7 reflects the 
light emitted from the other LED layers back towards the 
Separator 23. When the LED 31 is mounted substrate down, 
the Separator 2 3 and any light escaping through the 
substrate of LED side surfaces will be reflected back by 
the metal cup 37, towards the Separator 23. Alternatively, 
the LED 31 can have a reflective coating surface placed 
directly on the p-type layer or substrate surface, 
depending on which one is down. 

FIG. 3c shows the LED 31 with a lens 3 8 positioned 
between the LED and the Separator 23 to focus or guide the 
LED's light down the Separator; for simplicity the mounting 
mechanism for the LED and lens is omitted. By focusing the 
light, more of it can be directed down the Separator and 
less of the light will be lost between the LED ajid the 
Separator 23 . Refractive index matching layers can also be 
provided between the LED and Separator to increase the 
coupling of light into the Separator 23 . Wavelength 
modifying or filtering material can also be included 
between the LED and the Separator 23 to convert light 
emitted be the LED to a different wavelength before it 
enters the Separator 23. 

Multiple light emitting devices having similar or 
different wavelengths can be used as the light source. In 
FIG. 3d the light source comprises two LEDs 31a and 31b 
mounted to the end of the Separator 23 with at least some 
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IS 



0 



lof : he L T " sht directed down the sep — «. Light 

from the two LEDs mixes duri transmission through tZ 
LEDs can be used whlch w±11 ^ ^ 

xight when emitted from the Disperser In rh . . 

vhrch „ iai also combine to white ^ be used 

FIGs. 3e and 3f show the LED 31 and Separator 5 , ■ 
heat sink-Q fnv f-i, -, separator 23 with 

eat sinks for thermal management. As described a v, 
or so. scate lasers emit ^ outp -^- :: - 

which r0 ° m " 1UminaCiOT »" "Try elevated currents 

whxch generate greater heat. The heat sinks shown in FIGs 
3e and 3f comprise "heat fins" 3 9 
conductive materia! such as metal alt*" . 
conductive materials can be used The h 

rj from the LED 3! and SeplratT T^ZZ^ 
increased surf^pp ar^a *- , ^ xue an 

coo! • * urface to enhance radiative or convective 

cooing. Thls allows for saf£r h . gh ourre CCi - 

also rncrease the lifespan of the LED and lamp. The heat 
sink shown in PIC. 3 e surrounds onl y the LED ; in 
the frns 39 of the heat sin* surround other parts of ' th 
new lamp, such as a portion of the Separator 33 this 
helps Co dissipate heat that might spread from the' LED 31 

lie the eP LED at 3 T PartiCU1 *^ — applications in 

which the LED 31 rs mounted to or in close proximity to the 

tie , ^ h£at ^ ^ inClUd * * -tal or other 

the f m r n s y 3:T% tiVe , layer al ° ne ~ ^ ™~ion with 

the S 3B to facilitate heat transfer away from the LED 

ola o n ^ ' 3 Ehlck C °PP" « aluminum block can be 

from t Ll9ht S ° UrCe tD «"« away 

f-m lt and the Separator. Heat can also be drawn away 

othTr at e t L h 9ht * «~ t to it Ly 

Of the h t T at inCr£aSe ~ d "tive surface area 

of the heat sink can also be used. 

In the preferred embodiment, the dispersion or 
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wavelength conversion materials are located in the 
Disperser, relatively distant from the LED. This not only 
protects the wavelength conversion material from the LED's 
heat, but also allows for other components to be placed 
close to the light source. For example, electrical 
circuits or components may be included within the light 
source for power management (e.g. AC to DC conversion, 
pulsed operation, or power conversion) . The light source 
may also be housed within a socket or enclosure for mating 
the new lamp to an electrical power source and/or within 
thermal management components as described above. 

Two or more individual lamps can also be used in 
parallel in a single multiple element lamp or bulb, which 
adds flexibility in the patterns and colors of emitted 
light. FIG. 3g shows a multiple element lamp 41 comprising 
a blue emitting lamp 42 parallel to a yellow emitting lamp 
43 . The yellow light is produced by converting nearly all 
the light from a UV light 44 to yellow using a phosphor, 
polymer, or dye in the Disperser 45 (as more fully 
described below) . The yellow and blue light from lamps 42 
and 43 will mix to produce a white light from the lamp 41. 
This embodiment provides flexibility in the ratio of blue 
to yellow light, providing a wider range of white lighting. 
This embodiment can also have three individual lamp^, each 
with a UV light source that is converted to red, green, or 
blue light as the light passed through the respective 
Disperser. Also, if red and green individual lamps are used 
in combination in multiple element lamp or bulb, the color 
and hue of the light can be manipulated by adjusting the 
input power to each individual lamp. For instance, a 
"warmer" white light will be emitted by increasing the 
power to the red lamp, increasing its light emitting 
intensity. This can be extended to achieve a full range of 
colors from one lamp or bulb by controlling the input power 
to the individual lamps that comprise the lamp or bulb. 
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This approach can also be user) in ^ 

usea in the same wav w-i ~„ 

more Light Sources (generate , ■ u ° r 
wavelengths, whose nil! " 9 li9ht " di «^ent 

Separator to a n " direCCed d °»" a single 

Sources. " e aitfer ™t Light 

The Separator 23 serves primarily to seoarat. 
light source from the Disperser 26. It can fae eP "" e the 
follow or transparent element or tube of any 
> geometries through which light may tra v , """^ ° f 
Passive and not affect the light as t t , " * 
light source to the Disperser Passive S 

»»« are not limited to. hollow ^T^^l^ 1 ^ 
serve only to provide physical separation " 

Alternatively, the Separator can be a lioht • 
optical f ib er which can actively shaL LT^ " 
wavelength convert, disperse, scatter redirect ,T' 
guide some or all of the light between the iTgh s 
the Disperser. In one active Separator el H " ^ 

LED light source hh. c separator embodiment using an 

of at L , Separator may convert the wavelength 

of at least some of the light with the a ra ount of conversion 
increasing with the Separator's length it™ onverSi °" 
optical elements such as mirrors, facets « C ° nt3in 
different indexes of refraction to focus ZJT^^ 
redirect the light. iia P e > scatter or 

The Separator ranges from a few m irrnno 

room illumination being in the range of 5 10 ™ 

of the S can _ f _ i , L ^width 

flG. 4 shows another embodiment of th » no, i 
that MT1 t_ ^ or c " e new lamp 46 

J. T\ USSd Wlth light sources, but is 

particularly applicable to coherent /no! t 

sources such as solid state s^TcZ^ T 

, semiconductor lasers 47 

Because the light from the laser is coherent th» , 
be rniUm- , querent, the light can 

coii lraated „ lth a slmple opticai eiement ^ t ^ g ^ 
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end, and the Separator need only provide a physical 
separation between the light source and the Disperser. The 
separation is provided by one or more parallel offset rods 
48a and 48b having the laser 47 mounted at one end and the 
Disperser 4 9 mounted at the other end. The rods 4 8a and 4 8b 
are offset so they will not interfere with the light as it 
passes from the light source to the Disperser. The laser 47 
can be mounted directly on the rods, or it can be affixed 
to a transparent retainer 5 0 which is then mounted to the 
rods. A hollow tube can also be used with a laser mounted 
at one end and the Disperser mounted at the other. To 
provide both lensing and a high numerical separator, a 
graded index rod or light pipe can be used as the 
Separator. 

In operation the coherent light travels in ambient air 
from the laser 4 7 to the Disperser 49, where it is 
distributed in the desired color and pattern. With some 
lasers, the light may be too collimated to be effectively 
dispersed and the Separator can include optics or gratings 
to spread the light before it reaches the Disperser. An 
example of such a beam spreading system is a double lens 
beam expander. 

One of the advantages of the new lamp 4 6 is that it 
can change the color of light from the light source ^nd can 
mix the light from one or more lasers or other sources 
which emit different colors of light. For example, red, 
green and blue lasers can be mounted to one end of the 
offset rods (or other Separator) with their collimated 
beams directed to the Disperser, where the light mixes and 
is emitted from the Disperser as white light. 
Alternatively, an ultraviolet laser can be used and the 
Disperser provided with red, blue, and green (or yellow) 
phosphors, polymers, or dyes, which convert some of the UV 
light to blue, red/ and some to green (or yellow) . 
Alternatively, by using a blue laser, interspersing yellow 
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Phosphors polyps, or dyes, on or within che Dlsperser 
and xncludmg olear areas for the passaged of biue Ti ah l 
between phosphors, opti na l portions of blue and \f 
light oan be obtained and coined into „ hi t e 
• o-Put. Bv using a different Separator LEDs ^llT 
used to oreate white li ght in the sa.e way. 

The new lamp 46 is alqn r^^<~ • 
-affic signa ls . P The new ^af f ^ '\ '° 
three UV iasers, eaoh having a respective 7 ""^^ 
Disperser. Each Disperser ^ S ^"« «< 

downconvertinq material ^ 31n a Afferent 

a dif^ , material that downconverts the UV light to 
a different wavelength, one downconvertina it , 
light, one to yellow, and one to red The n 
also matter the colligated light 7L £ r £££ ^ 
so that the light would he dispersed similar 

and d Slgna1 ' AltSrnatiVely ' ^ ^sparser could f OCU s 

ZZ7£ T 1±9ht S ° that ^ ±S Primar±ly to the 

appropriate lanes of traffic. The light source for t h ~ 
traff i r- c.-i^,„-.i -, , uurce tor the new 

3 " 1C S1 gnal would be more robust re ii ah1a ^ , 
i 35H n n „ • . ' reliable and lonaer 

lasting, comprising three UV lasers a<! nm ^ 
baspd lam „ ers ' as opposed to tungsten 

oased lamps or complex LED arrays. 

FIGs. 5a through 5e show various embodiments of th. 
Disposer, although other designs could also be used FIG 

setrL:;; 3 /^ 56 :; 1 which is inte — — ™; 

<* an P ™ ^tSC S r-V°— 
52 ^VcTaV 3 b 3 ^ - — - ^ tt 

9 or even grater flexibilitv t-ho 

zzzr~jT ll r into a h - « «*^^ 

^ Lern ' It: °an be a frosted or rouohpnn^ u 
provide a radial u • rou Shened hemisphere to 

proviae a radial, near spherical light disfHh,^; • ■ , 

t-o - j ^ a attribution similar 

nl~ s7 tU T en baS£d " 9ht bUlb ' "'"""v-ly. the 

t the end T h 3 ° P " Cal C ° mpOTent «"•"»<> 

the end of the Separator 52. It can be removable 
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allowing for different Dispersers to be used with the same 
lamp and for the Disperser to be replaced if it fails 
before the rest of the lamp. 

The Disperser may include materials such as 
flourescent phosphors, minerals, polymers, dyes, crystals 
or thin films which convert, the incident light partially or 
fully to different wavelengths. The Disperser can also 
comprise a hollow shell of transparent or translucent 
material such as quartz, glass, or the like, which contains 
the downconvert ing material in solid or liquid form. 
Alternatively, the Disperser can comprise a solid body 
which contains the downconvert ing material in solution or 
suspension. For instance, it can be a molded epoxy with 
phosphor particles uniformly dispersed throughout prior to 
solidification or with flourescent dyes dissolved within 
it. As another alternative, the Disperser could comprise a 
solid body, the outside or inside surface of which has been 
coated by a downconvert ing material . 

In FIG. 5b, the light source produces a blue light 
having a wavelength of 420 to 500 nanometers (nm) , and the 
Separator 52 is an optical fiber or light pipe which 
transports most of the blue light to the Disperser 53 . The 
Disperser 53 includes one or more wavelength converting 
material such as yellow phosphor which allows some *of the 
blue incident light to pass through while absorbing the 
rest, downconverting its wavelength, and emitting it as 
yellow light with a center wavelength of 560 to 580 nm. The 
blue and yellow light combine as they emit from the 
Disperser to produce white. Depending upon the details 
(shape, optical elements, etc.) of the Disperser 53, the 
white light will emit in a spherical, nearly spherical, 
hemispherical or any other specified distribution pattern. 
Similarly, the Disperser 53 could also be designed such 
that most or all the light incident from the light source 
is converted to multiple colors and uniformly emitted, as 
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in the case of a ttv t irn ~ t 

^ a uv l»ED or laser- hqah 4 „ 

The Dxsperser 54 in FIG Sr ^ ' dyes ' 

5S which scatters some to th "^Tat^Va' 7 
5 Pa " e " ' ^'-natively. che Disp t ser ° "J*""™ 1 Shape « 
optical components, such as lenses f! " « ^ ° th " r 

holographic elements, reflector: ""^ lM — ' 

— . ana granules, which see the ZT' 
patterns. A mask or reflector can , " Specified 

0 directional or controlled liL di \ ° 3 ■»» 

defined patterns of illnminat^n such '? ^ 

sign. In SOI „e cases an ■ company logo or 

distribution of l ighc raay ^ ZZT^ k n ° n " Unif °- 
appears to emit different colors when "ie^d ^ ^ 

angles. This can be used in a novelty TZ t 
a specified pattern of illumination and , ""^ 
surf ace. or the surrounding environ^ ^ 3 

dispel i-sz L^rsjsr : isperser 56 wwch 

Pre-defined pattern. Th e cental s LpT pTaces" SPh£ri ° al 
amount of scattering or downconvertinc Lt , """^ 
of the light compared to a hemispherTcaT shat 1 Z ^ ^ 
FIO. 5e shows a Disperser 5 7 , P DlSpers "' 

FXO. sb. with a reflector S3 aTou ' H r," °™ " 

-fleets and redirects some of Te ^ 
Disperser. This embodiment can be usjd T^/*" ^ 
requiring a directional light such a, t * Ppllcati °»s 
flashlights. L ig hc emitted fL tle "so" 10 " 0 : li9htS ^ 
or backwards toward the light source £ refl " 
the reflector. This allows for a direct \ ^ 
still taping the wavelength conve^ ^.xf" 
from the liaht am.r-^. materials separate 

-i-ignt source, preventing heaf 
conversion material. damage to the 

A lamp enclosure can be included that- *i*.u * , 
Partially surrounds the new lamp The 1 ^ °* 

p * Ine enclosure may be 
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transparent or semi transparent and it may incorporate 
additional elements to modify the intensity, distribution 
or wavelength of the light which it transmits. It can also 
include elements for electrical and/or thermal contact to 
the lamp (e.g. a conventional light bulb socket), and to 
enhance the thermal dissipation from the lamp assembly. 

FIGs . 6a and 6b show two embodiments of lamp 
enclosures. The enclosure 60 in FIG. 6a is an inner 
reflective surface 61 similar to that described in FIG. 5e; 
light from the Disperser 62 which strikes the reflective 
surface is directed out as a directional beam. The lamp 
enclosure 60 also provides some protection to the various 
lamp elements. The enclosure 63 shown in FIG. 6b surrounds 
the elements of the new lamp for protection, and is 
transparent or semi-transparent to allow light to pass 
through. The enclosure can be made of many different 
materials such as glass or plastic, and can include 
materials to modify or down convert the light. For 
instance, the lamp can emit blue light and the enclosure 62 
include yellow phosphors that convert a portion of the blue 
light to yellow and allow some of the blue light to pass 
through, with the two colors combining ' to white. The 
enclosure can also be filled with a liquid, gas, or solid 
which changes the wavelength or properties of the s light 
after it has been emitted from the Disperser. 

Although the present invention has been described in 
considerable detail with reference to certain preferred 
configurations thereof, other versions are possible. 
Therefore, the spirit and scope of the appended claims 
should not be limited to their preferred versions contained 
therein . 
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WE CLAIM: 

1- A lamp, comprising: 
a light source (12) ; 

a disperser (16) that scatters, focuses, or directs 
light passing through it; and erects 

a separator (14), said light source (12) and disperser 
(16) spaced apart by said separator (14) at , m , 
the lirrhi- * ■ ' fc least some of 

the l ight from said light source (12) directed along said 
separator (14) and through said disperser (16). 



2- The lamp of claim 1, where in said disperser 
scatters light in a predefined pattern. 

3- The lamp of claim 1, wherein said di 
scatters light in a spherical pattern. 

4- The lamp of claim l, wherein «h h w 

. ' nerein said disperser (16) 

o :: n L:;r ai to chan9a ^ — - - - — iz 

or the light passing through it. 



(16) 



sperser (16) 



5. The lamp of claim 1, wherein s*iH "n ^ 

at least on« t u wnere ^ said light source (12) is 

at^least one light emitting diode or at least one laser 

said h ^T ° f Cla±m U Wh6rein Sa±d S6P — <"> spaces 

Ista^ to S ° UrCe dlS — <"> * sufficient 

distance to prevent substantial heat transfer from said 
light source (12) to said disperser (16). 

7^ The lamp of claim 1, wherein said light source (12) 
emits an output light flux sufficient for illumination! 

8- The lamp of claim 1, f urther comprising an -t ^ 
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partially transparent enclosure (63) surrounding said light 
source (12), separator (14), and disperser (16). 

9. The lamp of claim 8, wherein said enclosure (63) 
changes the wavelength of at least some of the light from 
said light source (12) . 

10. The lamp of claim 8, wherein said enclosure (63) 
disperses light from said light source (12). 

11. The lamp of claim 1, further comprising a reflective 
lamp enclosure (61), said disperser (62) positioned within 
said lamp enclosure (61) such that at least some of the 
light from said disperser (62) reflects off said lamp 
enclosure (61) as a directional beam. 

12. The lamp of claim 1, wherein said separator (14) 
scatters, disperses, redirects, or wavelength converts at 
least some of said light from said light source (12). 

13. The lamp of claim 4, wherein said light source (12) is 
an LED or laser that emits blue light and said disperser 
(53) converts the wavelength of some of said blue light to 
yellow light, whereby said disperser (53) emits a white 
light combination of blue and yellow. 

14. The lamp of claim 13, wherein said disperser (53) 
includes at least one of said yellow emitting phosphor, 
flourescent dye, or flourescent polymer to produce said 
wavelength conversion . 

15. The lamp of claim 4, wherein said light source (12) is 
a LED or laser (31) emitting light of one wavelength, said 
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disperse ,l 6) converting substantial 

one or „re different wavelengths. ^ t0 

16. The lamp of claim 4, wherein said lioht 
emits ultraviolet l ight , said disperser U , " 
substantially all of the ultraviolet Tl ' CO "« rtl »« 
combine to produce white light. COl °" th " 

The lamp of claim 1, further comori,(„„ \. 
(39) around said n„h» comprising a heat sink 

saia light source (12) i-„ h-. 
generated by said lioht «, I") to draw away heat 

light source (12) . 

18- The lamp of claim 1, wherein • 

further comprises at least one I dlSpe "« <**> 

snape the lig ht through Tt " ' "> 



-therco^L;/ at la :ist r rei v aid — ««> 

surface to shape the , Z " ° ther ^"erned 

shape the light emitted from said disperser. 

20 The lamp of claim 1, „ herein said disperser 

further comprises materials to scatter at 1 M ,, 

light passing through it. *° a " ° f the 

21 • A lamp, comprising: 
a light source (12); 

a di sperser (16) that mixes w 
Passing through it; and Asperses l ight 

a separator (14), said light source 912) ,nH h- 
(16) spaced apart by said . disperser 

Y d se Parator (14) a «i,,ff^- 4 

distance to prevent substantial heat t an f suff «"■><=■ 
light source ,12) to said disperser ,16, °" 

the light from said li„„, lM " SOme of 

om said light source (12, directed along said 



_0140702A1_I..> 



WO 01/40702 



23 



PO7US00/30593 



separator (14) and through said disperser (16). 

22. The lamp of claim 21, wherein said light source (31) 
comprises at least one light emitting diode. 

23. The lamp of claim 21, wherein said light source (31) 
comprises at least one laser. 

24. The lamp of claim 21, wherein said light source 
(31a, 31b) comprises at least two light emitting diodes, the 

light from said diodes (31a, 31b) mixing in said separator 
(23) and disperser (16) such that said lamp emits a 

combination of light from said LEDs . 

25. The lamp of claim 24, wherein a current is 
respectively applied to said LEDs (31a, 31b) causing them to 
emit light, said respective currents manipulated to control 
combination of light emitted from said lamp. 

26. The lamp of claim 21, wherein said light source 
(31a, 31b) emits blue and yellow light, said disperser (16) 
emitting a white light combination of blue and yellow. 

27. The lamp of claim 21, wherein said light source (12) 
emits red, green, and blue light, said disperser (16) 
emitting a white light combination of red, green, and blue. 

28. The lamp of claim 21, further comprising an at least 
partially transparent enclosure (63) surrounding said light 
source (12), separator (14), and disperser (16). 

29. The lamp of claim 21, wherein said enclosure (63) 
scatters light from said light source (12) . 
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30. 



The lamp of claim 21, wherein «■< h 

wnerein saxd enclosure f 63 ^ 
changes the wavelength at least- <=™~ * «. u , . 
i , St SOme of the Xi ght from said 
light source (12) . 

lamo Th 7 amP ° f ° laim "^^^ c «*»?i»i»* ^ reflective 

amp enclosure (61), said disperser (62) positioned within 
saxd lamp enclosure (61) such that at least some q£ 
ixght from said disperser (62) reflects off said lamp 
enclosure (61) as a directional beam. ? 

32 The lamp of claim 21, f urthe r comprising a heat sin, 
(39) around said light source (12) to draw away heat 
generated by said light source. 

33. The lamp of claim 21, wherein «<h ^ 

rnn , a . e , ' wnerein said dxsperser (54) 

contaxns optxcal elements (55) to shane t-h» n k«- 

frnn „ . , snape the light emitting 

from saxd dxsperser (54 ) . 

at leas t one mask (56) to sh^nn *-h~ i • ^ 

drsperser. ? ^ emlt " d fr ° m 

35. A lamp, comprising: 

a light source (47) comnricHnrr = t 
state laser; compr^ang at least one solid 

a disperser ,49, that mixes and disperses light 
passing through it; and 

,47, a ; e H Parat ° r C ° mPriSlng t««.«b). said light source 
M7, and dxsperser ,49, mounted on and spaced apart by said 
separator (48a, 48b), at lea^r , ■ 

,,„„,. east some of tne light from said 

irght source ,47, directed through said disperser ,49, . 
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36. The lamp of claim 35, wherein said separator (48a, 48b) 
comprises one or more offset rods. 

37. The lamp of claim 35, wherein said separator (48a, 48b) 
comprises a hollow tube. 

38. The lamp of claim 35, wherein said solid state laser 
(47) emits an output light flux sufficient for room 
illumination. 

40. A lamp, comprising: 

a light source (12) comprising at least one light 
emitting diode that emits on output light flux sufficient 
for room illumination; 

a disperser (16) that disperses light passing through 

it; 

a separator (14), said light source (12) and disperser 
(16) spaced apart by said separator (14) a sufficient 
distance to prevent substantial heat transfer from said 
light source (12) to said disperser (16), at least some of 
the light from said light source (12) directed along said 
separator (14) and through said disperser (16); 

a lamp enclosure (63) that is a least partially 
transparent and containing materials to change the 
wavelength of at least some of the light which passes 
through it, said enclosure surrounding said light source 
(12) , separator (14) and disperser (16) such that light 
dispersed by said disperser (16) passes through said 
enclosure (63) . 

41. The lamp of claim 40, wherein said light source (12) 
is a blue light emitting diode or laser and said lamp 
enclosure (63) includes a wavelength converting material 
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which changes some of said blue llght to yello „ 

wherry said disperser ,14, emits a white l ight comtinalion 
of blue and yellow. 

42. The lamp of claim 40, wherein said enclosure ,63, 
drsperser ,16,, or separator ,14, includes yello „ ^ 
to produce said wavelength conversion. 

43. The la mp of claim 40, wherein said enclosure ,63) 
terser ,16,, or separator (1 4, includes a flourescent 
dye or polymer to produce said wavelength conversion. 

44. The lamp of claim 40, wherein s„<h !<„>,» 

r wxitsxexn said light source (12) 

13 Ult " vio ^ "ght fitting diode or laser, said lamp 

r l0SUr : i63) ' d±S — <^< or separator (14) lnclu £ . 
a wavelength converting Serial which converts 
substantially all of the ultraviolet li ght to colors which 
combine to produce colored or white light. 

45. A multiple element lamp, comprising: 

at least two individual lamps (42,43) whose li ght 
:T t0 /™ du ~ th. light from said multiple element lamp, 
each said individual lamp comprising: 

a light source (12) ; 

a disperser (16) that scatters, focuses, or 
directs light passing through it; and 

an elongated separator (14), said light 
source (12) and disperser (16) spaced apart by 
said separator (14), at least some of the light 
from said light source (12) directed along said 
separator (14) and through said disperser (16) 



46. 



The lamp of claim 45, having two said individual lamps 
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(42,43) wherein one said individual lamp (42) emits blue 
light and the other said individual lamp emits yellow light 

(43) such that said multiple element lamp emits white 
light. 

47. The lamp of claim 45, having three individual lamps, 
emitting red, green, and blue light, said multiple element 
lamp emitting a white light combination of red, green, and 
blue . 

48. The lamp of claim 45, wherein a current is applied to 
each said individual lamp (42, 43) causing them to emit 
light, the current applied to said individual lamps (42,43) 
manipulated to control the color of light emitted from said 
multiple element lamp. 

49. A method for producing disperse light, comprising: 
generating light at a first location (12); 
transmitting at least some of the light (14) to 

another location (16) which is out of substantial heat 
transfer communication with said first location; and 

scattering or converting the wavelength of some of the 
light at said other location (16), and dispersing all of 
the light. 
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